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This report contains a compilation of results of time domain 
electromagnetic (TDEM) geophysical surveys conducted to assist in 
ground water resource evaluation in the vicinity of Kealakehe, 
Island of Hawaii. The surveys were performed by Blackhawk 
Geosciences, Inc. (BGI) for three separate clients. The clients 
and the dates for each survey are as follows 
• Queen Liliuokalani Trust (QLT) from April 26 to 
April 30, 1991 
• State of Hawaii (State) through Belt Collins and 
Associates from May 1 to May 2, 1991 
• Lanihau Partners (LP) from September 11 to 
September 13, 1990. 
The LP data has previously been interpreted and the results 
are contained in a separate report delivered to LP in October 
1990. By agreement from all concerned parties, the results for 
all three data sets are contained in this report. 
The primary objective of the geophysical surveys was to 
determine the elevation and thickness of the lens of fresh water 
floating on salt water. The basis for geophysical surveys for 
ground water evaluations on volcanic islands can be explained 
with the use of a hydrogeologic cross-section shown in Figure 
1-1. The volcanic rocks are generally permeable and this allows 
rainwater to percolate directly downward through the island mass. 
The fresh water in these island settings is generally found in 
two occurrences: 
1. Basal fresh water. The high permeability of the 
volcanic rocks allows sea water to enter freely under 
the island, and a balance is reached where a lens of 
fresh water floats on sea water. In cases of 
hydrostatic equilibrium, the Ghyben-Herzberg principle 
states that for every foot of fresh water head above 
sea level there will be 40 ft of fresh water below sea 
level. 
2. Dike-confined waters. Typically, above a rift zone 
intrusive dikes originating from a magma source below 
can form ground water dams, and behind these natural 
dams significant quantities of ground water can be 
stored. 
Because the electrical resistivity of rock formations is 
highly dependent upon the salinity of ground water, electrical 
surface geophysical techniques can map the depth to salt water, 
and the thickness of the fresh water lens can then be estimated 
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using the Ghyben-Herzberg principle. The impetus for using 
geophysics is that the cost of a geophysical sounding is about 
one-thousandth the cost of completing a well at elevations above 
1,000 ft. 
The specific geophysical method employed was TDEM soundings. 
This method was selected because it has been proven effective in 
prior surveys in similar situations in Hawaii. 
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2.0 LOGISTICS AND DATA ACQUISITION PROCEDURES 
2.1 GENERAL 
The TDEM surveys were accomplished by a four man crew 
consisting of two BGI personnel and two local temporary field 
helpers. The locations of TDEM measurements were determined from 
consultation with personnel concerned with each property site and 
their consulting hydrogeologist. During the surveys, TDEM' 
soundings were made along roughly east-west lines traversing each 
property. Six soundings were acquired on the QLT property, two 
soundings were made for the State near the Honokohau exploratory 
weil and six soundings were taken for LP near Palani Junction. 
The location of the soundings for each of the three surveys are 
shown in Figure 2-1. 
Sounding locations were surveyed using a compass and hip 
chain from known landmarks (i.e., road junctions, rock walls) 
located on the field maps. Transmitter loop sizes varied from 
1,500 ft by 1,500 ft to 200 ft by 200 ft, depending upon 
elevation. Sounding center elevations were measured with ail 
altimeter in the field and checked with USGS maps. The locations 
of the soundings were somewhat constrained by land access 
restrictions for the QLT and State surveys. In addition, 
sounding locations were also positioned to avoid cultural 
feat-q.res (pipelines, power lines, houses, etc.) which deteriorate. 
TDEM data quality. 
A daily log of field activities for all three surveys is 
given in Table 2-1. 
2.2 PROCEDURES 
The Geonics EM-37 TDEM system was utilized on this survey. 
The system basically consists of a transmitter and a receiver. 
The transmitter loop is constructed of 10 to 12 gauge insulated 
copper wire. The wire is laid on the ground surface in a square 
loop varying in size, depending upon the required depth of 
investigation (larger loop sizes for deeper measurement). A 
transmitter and motor generator are connected into the non­
grounded loop at one corner. A time-varying current is pulsed 
through the wire at two different base frequencies. The TDEM 
receiver measures and records the decay of the vertical magnetic 
field through a receiver coil placed at the center of the non­
grounded transmitter loop. Receiver coils with effective areas 
of 100 m2 and 1,000 m2 were utilized at base frequencies of 3 Hz 
and 30 Hz. During data acquisition numerous transient decays are 
collected with the receiver for each sounding. Readings were 
acquired at several receiver gains with opposite receiver 
polarities for each sounding location. The readings were stored 
in a DAS-54 solid state data logger, and were nightly transferred. 
to a personal computer for processing. A technical note is given 
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in Appendix A which describes and illustrates the principles of 
TDEM. 
Date (1990) 
September 6 
September 11 
September 12 
September 13 
September 19 
Date (1991) 
April 22 
April 26 
April 27 
April 28 
April 29 
April 30 
May 1 
May 2 
• 
May 7 
Table 2-1. Daily log of field activities 
Activity 
Mobilization from Denver, co to Kailua-Kona, HI in 
conjunction with other surveys. 
Meet with personnel from Lanihau Partners and 
their consultant. Reconnaissance of Honokohau 
Property for sounding sites. Take data on 
soundings LH1, LH2 and LH3. 
Honokohau Property soundings LH4 and LH5. 
Honokohau Property sounding LH6. One-half day of 
field work. 
Demobilize equipment and BGI personnel. 
(September 7 through 10, and September 14 through 
18 were field work at other Hawaii locations) 
Activity 
Mobilize from Denver, co to Kailua-Kona, HI in 
conjunction with other surveys. 
Data taken on sounding Q1 for QLT. 
Data taken on sounding Q2 for QLT. 
Data taken on soundings Q3 and Q4 for QLT. 
Data taken on sounding QS for QLT. 
Data taken on sounding Q6 for QLT. 
Data taken on sounding S1 for State near Honokohau 
Exploratory Well. 
Data taken on sounding S2 for State. 
Demobilize equipment and BGI personnel. 
(April 23 through 25, and May 3 through 6, were 
field work on other Hawaii jobs) . 
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3.0· DATA PROCESSING 
The field data acquired each day was transferred from the 
DAS-54 data logger to a. personal computer. The data for each 
sounding location is edited and combined (both 3 Hz and 30 Hz 
frequencies) to produce a transient decay curve. This decay 
curve is transformed into an apparent resistivity curve, which is 
entered into an Automatic Ridge Regression Transient Inversion 
Program (ARRTI). From the apparent resistivity curve a one­
dimensional model of resistivities and thicknesses is calculated. 
The inversion program requires an initial estimate of the 
geoelectric section, including the number of layers, and the 
resistivities and thicknesses of each of the layers. The program 
then adjusts these parameters so that the model curve converges 
to best fit the curve formed by the field data set. The 
inversion program does not change the total number of layers 
within the model, but allows all other parameters to float 
freely. 
An example data set is given in Figures 3-1 and 3-2 for 
sounding Ql. Figure 3-1· shows the measured data points (in terms 
of apparent resistivity) superimposed on a solid line. The. solid 
line represents the computed behavior of the true resistivity 
layering model shown on the right. Figure 3-2 is the inversion 
table and it lists in column 4 the error between measured and 
computed data in each time gate. 
The apparent resistivity curves and data sheets for all 
three of the surveys (QLT, State and LP) are contained in 
Appendix B. 
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/\BLACKHAWK GEOSCIENCES, INC. 
EXAMPLE DATA SET 
KEALAKEHE AREA 
ISLAND OF HAW All 
PROJECT NO: 91022, 91026 Figure 3-1 
Ql 
MODEL: 3 LAYERS 
RESISTIVITY THICKNESS ELEVATION CONDUCTANCE <S) 
<OHM-M) <r''l) (M) <FEET) LAYER TOTAL 
475.5 1560.0 
1 274.99 325.8 149.7 491 .3 0 . 3 0 .3 
102.11 313-. 0 -163.3 -535.7 3. 1 3.3 
16.33 
TIMES DATA CALC % ERROR STO ERR 
1 8.90E-05 3. 13E+03 3.14E+03 -0.554 
2 1.10E-04 2.66E+03 2.60E+03 2 - 49 9 
3 1. 40E-04 2 .0 5E+03 2 - 07E+03 -1. 103 
4 1.77E -04 l.63E+03 ·1.66E+03 -2. 067 
5 2. 20E-04 1 .34E+03 1.36E+03 -1.703 
6 2.80E--04 1 .  1 OE+03 1. 10E+03 -'-0.110 
7 3.55E;-04 9.211;+02 9 .l2E+02 0. 937 
8 4.43E--04 7 . 93 E +02 7.77E+02 1. 955 
9 5.64E-04 6.91E+02 6.67E+02 3.520 
10 7. 13E-04 5.94E+02 5 .86E+02 1 .495 
11 8.81E-04 5.18E+02 5.26E+02 - 1 .569 
12' 1 .lOE-03 4.6rE+02 4.72E+02 -2.369 
13 1. 41E-03 4.04E+OZ 4 .13E+02 -2 . 180 
14 t. 77E-03 3 .60E+02 3 . 61 E+02 -0.294 
15 2.20E�03 3.11 E+02 3.13E+0 2 -0.431 
16 2 . 8 0E-03 2.70E+02 2.63E+02 2 . 8 76 
17 3.55 E-03 2 - 23E+0 2 2.19E+0 2 1 .477 
18 4.43E-03 1. 83E+0 2 1.85E+02 -0.78 8 
19 5.64E-03 1. 56E+02 1 .54E+02 1 .387 
20 7 .13E-03 1 .25E+0 2 1.29E+02 -3. 159 
21 8.81E-03 1-11E+o2 1 . 1 1E+02 -:0.046 
22 1. 10E-02 9. 62E+O l 9 .58 E+01 Q.394 
R: 183. X : 0. Y: 183. DL: 366. REQ: 203. CF: 1 . 0000 
CLHt ARRAY. 22 DATA POINTS, RAM P: 180.0 MICROSEC. DATA: Ql· 
2614 002N OOlE Z OPR XTL H 6 8+100 
Ch.21 = 0.18 Ch.22 = 0.089 C h .23 = 14.5 Ch.24 = 
RMS LOG ERROR: 1.16E-02. ANTILOG YIELDS 2.7175% 
LATE TIME PARAMETERS 
* Blackhawk Geosciences, Incorporated * 
PARAMETER RESOLUTION MATRIX: 
"F" MEANS FIXED PARAMETER 
p 1 0.32 
p 2 -0. 17 0 ·51 
p 3 o.oo -0.11 0.13 
T l 0.15 0.1.5 o .oo 0.9 1 
T 2 -0 . 11 -0 . 07 0.08 o.os 0. 77 
p 1 p 2 p 3 T 1 T 2 
/\BLACKHAWK GEOSCIENCES, -.NC. 
EXAMPLE OAT A SET 
KEALAKEHE AREA 
... · 
ISLAND OF HA WAll 
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4.1 GENERAL 
4.0 INTERPRETATION RESULTS 
The results of the interpretation of individual soundings is 
the resistivity layering as a function of depth. In cases where 
measurements are taken relatively close together, the results of 
the individual measurements can be linked together to produce a 
geoelectric cross section along a line. From the six soundings 
acquired across the QLT property, one geoelectric cross section 
was constructed. Using the two soundings taken near the 
aonokohau Exploratory Well a second geoelectric cross section was 
made. A third cross section was made from the six soundings 
taken on the LP property. Figure 2-1 shows the individual TDEM 
sounding locations and the three west to east geoelectric cross 
sections. 
From many prior geophysical surveys over volcanic rocks of 
Hawaii, including geologic and geohydrologic information, 
characteristic ranges of resistivities can be assigned to known 
geologic and geohydrologic units. The assigned resistivity 
ranges for the various units expected to be encountered in.the 
survey areas are shown in Figure 4-1. As is shown in the figure, 
an overlap occurs between the resistivity ranges. The most 
extensive overlap occurs between the ash flows, weathered 
volcanics or intrusives, and the dry unweathered or fresh­
brackish water saturated volcanics. In most situations these 
units can be- separated by their individual resistivity value in. 
ohm-:-m and their relative depth of occurrence in the geoelectric 
cross section. 
Where a very low resistivity layer (< 5 ohm-m) is detected 
below sea level in the TDEM interpretation, this layer is 
expected to be caused by salt water saturated volcanics. Static 
water levels (heads) can subsequently be calculated from these 
soundings by using the Ghyben-Herzberg principle. This principle 
states that under conditions of static equilibrium,. for every 
foot of fresh water above sea level there will be about forty 
feet of fresh water below sea level. An illustration of the 
Gnyben-Herzberg principle is given in Figure 4-2. This 
principle, however, assumes static equilibrium and may not apply 
to TDEM sounding data in close proximity to ground water damming 
structures (i.e., dikes, rifts, etc.). 
TDEM soundings in areas where ground water has been shown to . 
:Pe dike confined typically show high resistivity layers (greater 
than 100 ohm-m) to the exploration depth of the TDEM system 
(typically well below sea level). In other words, no sea water 
saturated formations are indicated within the entire section. 
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Within the structure controlled area which separates the 
basal mode and dike confined areas, TDEM data often exhibit 
intermediate resistivity values (10 to 100 ohm-m) that may occur 
both above and below sea level. The data taken in these areas is 
expected to be distorted or influenced by the structures and may 
not be diagnostic of true resistivity layering. This is due to 
the current limitation of 1-0 interpretations for TDEM data. 
From TDEM data in these areas, it is generally not possible to 
determine the exact origin and nature of the subsurface 
conditions influencing the format�on resistivities. 
4.2 GEOELECTRIC CROSS SECTIONS 
Line L- Queen Liliuokalani Trust COLT) 
Figure 4-3 shows the results of six TDEM soundings acquired 
over the QLT property. They are presented as a west· to east 
trending geoelectric cross section, in which units that display 
similc:tr re�istivity values have been joined together. 
Similar two-layer sequences are interpreted in the 
geoelectric cross section for soundings Q4, Q3 and Q2. The upper 
layer of the section exhibits resistivity values ranging from ·· 
509 ohm-m to greater than 7,000 ohm-m. This upper layer is 
interpreted to represent dry unweathered volcanics above sea 
level, and where it occurs below sea level it is expected to be 
saturated with fresh-brackish basal mode water. The lower layer 
of these three soundings exhibits very low resistivity values 
ranging from 3.3 to 3.6 ohm-m and is interpreted to represent 
salt water saturated volcanics. The approximate thickness of the 
fresh-brackish water lens is interpreted to vary from 10 ft below· 
sound.ing Q4, which is nearest to the shoreline, to 42 ft beneath 
sounding Q2. 
Soundings QS and Ql are in a transition zone between an area 
where a salt water interface is detected (soundings Q4, Q3 and 
Q2) c:tnd sounding Q6 where salt water was not detected. Beneath 
soundings QS and Ql resistivity values are influenced by lateral 
discontinuities, and intermediate resistivity values are 
observed. The 52 ohm-m to 102 ohm-m resistivity values observed 
to occur above sea level may not represent the true formation 
resistivity beneath soundings Q5 and Ql. This transition zone 
may have several possible geologic causes, such as ash flows, 
weathered volcanics or intrusives (i.e., dikes). 
Beneath sounding Q6 a layer with a resistivity of less than 
5 ohm-m was not observed within the effective exploration depth 
of about 500 ft below msl. The lowest resistivity measured was 
about 429 ohm-m, and below sea level this value would be 
characteristic of fresh water saturated volcanics. Since the 
salt water interface was not detected below this sounding, the 
elevation of the water table cannot be estimated. From the 
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geoelectric cross section, the exact location of the 
hydrogeologic boundary is difficult to determine, but a,ssuming 
that the ground water flow is from east to west, geophysical and 
hydrogeologic information would place the boundary between 
soundings Q1 and Q6. 
Line 2 - State of Hawaii (State) 
The geoelectric cross section for line 2 in the vicinity of 
the Honokohau Exploratory Well is shown in Figure 4-4. Sounding 
S2 shows a two-layer sequence where the lower layer exhibits an 
intermediate resistivity (11 ohm-m) which occurs above sea level. 
This sounding appears to be located in a transition zone where 
lateral changes.are interpreted to be effecting the resistivity 
va,lue::;. An attempt to acquire a sounding downslope from S2 to 
locate basal mode water was unsuccessful because of property 
access restrictions. Therefore, the west boundary of the 
interpreted geologic structure is undetermined. 
�ounding S1 was located approximately 1,500 ft upslope and 
east of the Honokohau Exploratory Well. Drilling results frolll. 
the well disclosed a high static water level of 110 ft above msl · 
in the well (personal communication, Tom Nance, May 1991). A 
layer with a resistivity of less than 5 ohm-m was not observed 
below sounding S1 within the effective exploration depth of the 
measurement (about -500ft elevation). The lowest resistivity 
measured in this three-layer sequence was 186 ohm-m. This . 
. resistivity value is shown to occur above and below sea level, 
and below sea level this would be characteristic of fresh water 
saturated volcanics. The lower layer of this three-layer 
sequence exhibits a resistivity of 936 ohm-m. Since the salt 
water interface was not detected beneath sounding S1, an estimate 
of the water table cannot be made. A sharp resistivity 
transition occurs between soundings S2 and S1 and a hydrogeologic 
structure is inferred in the cross section. 
Lal1il1au Partners (LP) 
Figure 4-5 shows the geoelectric cross section from the LP 
1990 survey. Within the cross section, soundings LH1 through Ll!4 
show similar two-layer sequences with a thin lens of fresh­
b�ackish basal mode water interpreted to occur beneath these four 
soundings. The approximate thickness of the fresh-brackish water 
lens is expected to vary from 17 ft at station LH2 to 62 ft at 
station LH4. 
Sounding LH5 is in a transition zone between an area where 
the salt water interface was detected (soundings LH1 through LH4) 
and where it was not detected (sounding LH6). Where the 
transition zone occurs an intermediate resistivity value occurs 
(l2 ohm-m), this value is expected to be influenced by lateral 
changes in the section. The lateral changes may be caused by 
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several geologic features, such as ash flows or intrusives. A 
hydrogeologic boundary is interpreted to occur between soundings· 
LH4 and LH6, and assuming ground water flow is from LH6 towards 
LHS, hydrogeologic considerations would place the boundary 
between .these two soundings. 
I 4.3 HYDROGEOLOGIC INTERPRETATIONS 
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Table 4-1 lists the approximate thickness of the fresh­
brackish water lens calculated from the elevation of the salt 
water interface interpreted from the individual TDEM soundings. 
The table does not include the value of head calculated by using 
the Ghyben-aerzberg principle. The list includes the six QLT 
soundings, two State soundings, and the six LH 1990 survey 
·soundings taken on the Honokohau property. 
Table 4-1. Hydrogeologic information. derived from TDEM soun�ings 
sounding No. (Year) 
Ql (1991) 
Q2 (1991) 
Q3 ( 1991) 
Q4 (1991) 
Q5 (1991) 
Q6 (1991) 
Sl ( 1991) 
S2 (1991) 
LH1 (1990) 
LH2 (1990) 
LH3 ( 1990) 
LH4 ( 1990) 
LH5 (1990) 
LH6 (1990) 
surface Elevation 
(ft) 
1560 
880 
510 
240 
1220 
1920 
1840 
1300 
250 
320 
575 
865 
1070 
1720 
9 
Approximate 
Thic�ness of Fresh­
Brackish Water Lens 
(ft) 
Transition zone 
42 
14 
10 
Transition zone 
Structure Controlled 
Structure Controlled 
Transition zone 
55 
17 
45 
62 
Transition zone 
Structure Controlled 
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This information is further summarized on the interpretation 
map shown in Figure 4-6. The soundings are classified into three 
main groups: 
(1) Beneath seven of the TDEM soundings (below the 1,000 ft 
elevation level) -a layer of low resistivity less than 5 
ohm�m was detected. A fresh-brackish water resource is 
interpreted to exist in the basal mode for these seven 
soundings. The approximate thickness of the lens 
floating on salt water was found to be thin and vary 
from 10 ft at sounding Q4 to 62 ft at sounding LH4. 
(2) A group of soundings in which resistivities are 
influenced by lateral discontinuities and ground water 
damming structures or formations are inferred. 
Intermediate resistivity values occurring both above 
and below sea level are common this area. 
(3) A group of soundings in which high resistivity values 
are detected to theuexpioration depth of the TDEM 
system (east of.blue line in Fig. 4-6). In this area 
ground water occurrences are expected to be controlled 
by the damming structures and high level water may be 
present. The Honokohau Exploratory Well, in which a 
head of 110 ft above msl was discovered, is located in 
this area. 
Several features stand out on the interpretation map: 
(1) An area above the 1,000 ft elevation level, in which 
resistivity values are interpreted to be influenced by 
lateral discontinuities. The trend of this lower 
boundary of the transition zone is approximately 
parallel to the 1,000 ft contour line. 
(2) The upper boundary between the transition zone and 
structure controlled water (heavy blue line) changes in 
elevation from approximately 1,720 ft near line 1 in 
the south, to 1,400 ft near the LP line to the north. 
The bearing of this upper boundary is Nsoaw towards 
Palani Junction. 
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5.0 CONCLUSIONS AND RECOMMENDATIONS 
The main objective of the TDEM survey was to assist in 
ground water resource evaluation in the vicinity of Kealakehe, 
Hawaii. The three data sets from the Queen Liliuokalani Trust, 
State of Hawaii, and Lanihau Partners are incorporated into this 
report, and the interpretation results are shown in Figure 4-6� 
Several. distinct areas of hydrogeologic behavior are observed in 
this compiled data set. These are: 
(1) An area approximately below the 1,000 ft elevation 
level, where ground water is expected to occur in the 
basal mode. The salt water interface in this area is 
interpreted to be very close to sea level (-10 to -62 
ft; Table 4-1) which indicates a thin basal water 
resource which is most likely brackish. 
(2) A transition zone, between expected basal mode and high 
level ground water. This. area is interpreted to be 
above the 1,000 ft elevation level, where ground water 
is expected to be controlled by damming structures and · 
resistivity values are influenced by lateral 
discontinuities. 
(3) An area of structurally controlled ground water (above 
heavy blue line). The interpreted boundary between the 
transition zone and structure controlled ground wate� 
is located above the 1,400 ft elevation level near the 
Palani Road Junction and.increases in elevation towards. 
the south. The dominant bearing of the boundary is 
interpreted to be N5o0W·between the three geoelectric 
cross sections. 
The accuracy in determining the exact location of the 
boundary of the transition zone from TDEM measurements is 
:influenced by several factors: 
(1) Lateral discontinuities effecting the TDEM sounding 
data, due to subsurface structures causing complex 
formation res,istivities to be exhibited in this zone. 
The apparent geologic st:r:ucture (or structures) causing 
the damming of the ground water flow may actually be 
narrower than the large transition zone indicated in 
Figure 4-6. TOEM measurements are effected by lateral 
changes in the subsu:rtc;tce and this is clearly the case 
in the transition zone. TbE:M soundings cannot 
determine the cause of· these subsurface features. 
(2) Distances between TDEM measurements (data density) 
across the transition zone are in some cases, 
relatively large (greater than 5,000 ft). To assist in 
delineating the boundary more accurately, additional 
ll 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
meas-q.rements are recommended between soundings through 
the transition zone and both north and south of 
existing soundings to map the extent of the feature. 
If the structure controlled boundary continues to the 
north at the expected NsoOW bearing, a well drilled 
above the projected boundary to the north and. at lower 
elevation than the Honokohau Well may prove successful. 
The accuracy in determining the depth to the salt water 
saturated interface is estimated to be approximately ± 5% of the 
total depth measured. 
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"F" MEANS FIXED PARAMETER 
p 1 0.02 
P 2 -o.o5 0.41 
T 1 o .. o3 o.o1 0.98 
p 1 p 2 T 1 
- - ·- - - - - - - - - · -· - - - - ·- - -
Q4 MODEL: 
10 4 � ·I I I l-c537. I 
�OHM-M' 76.1 M 
i 10001 
co 
�t .25 I 
>- t-t OHM-M 
r-1-t -
> CJ) 1-t 100 
Ill 
r- u 
({) ' c 1-t Ill ({) ·r-1 w u ··a: CJ) 0 
r- t ,_ 1m z 
. w 10 � � 0: T� <C 0.. 'CO 0... '..C. <( .::.£ u 
co 
...-i 
1 I I· en % ERROR: 3 . 90 
-5 -4 CALIBRATION: 1 10 10 0.001 0.01 0 . 1 OFFSET: 30 . 5 M RAMP: 125.0 
TIME (SEC) 
-· 
MODEL: 2 LAYERS 
RESISTIVITY THICKNESS 
<OHM-M) (M) 
536.99 76.1 
3.25 
TIMES 
1 2.20E-04 
2 2.80E-04 
3 3.55E-04 
4 4•43E-04 
5 5.64E-04 
6 7 .13E-04 
7 8.81E--04 
8 1.10E-03 
9 1.40E-03 
10 1.77E-03 
11 2.22E-03 
12 2.85E-03 
13 3.5SE-03 
14 4.43F;:-03 
15 5.64E-03 
16 7.13E-03 
1 7 8. 8u::-o3 
18 1 .10E-02 
19 1.41E-02 
20 1.80E-02 
DATA 
7.92E+01 
6.03E+01 
4.87E+01 
4. 04E+01 
3.31E+01 
2.74E+Ol 
2.30E+01 
1.97E+Ol 
1.68E:+01 
1.46E+01 
1.29E+01 
1.1.2£+01 
9.95E+OO 
8·87E+OO 
8•30E+OO 
7.25E+OO 
6.73E+OO 
6.20E+OO 
5.73E+OO 
5.51E+OO 
Q4 
ELEVATION 
(M) <FEET) . 
73·2 240.0 
-2.9 -9.6 
CALC % ERROR 
8.13E+01 -2.542 
6.32E+Ol -4.553 
4.99E+Ol -2.489 
4.05E+01 --0.274 
3.27E+Ol 1.174 
2.69E+01 1.823 
2.28E+01 o.712 
1.94E+Ol 1. 374 
1.64E+01 2.078 
1.42E+Ol 3.220 
1.24£+01 3.804 
l.09E+Ol 2.880 
9.77E+OO 1.882 
8.85E+OO 0.280 
8.02E+OO 3.451 
7.35E+OO -1.434 
6.85E+OO -1.625 
6.40E+OO -3.219 
5.97E+OO -4.043 
5.62E+OO -2.040 
CONDUCTANCE (S) 
LAYER TOTAL 
0.1 0.1 
STD ERR 
R: 30. X: o. Y: 30. DL: 61. REQ: 33. CF: 1.0000 
CLHZ ARRAY, 20 DATA POINTS, .RAMP: 125.0 MICROS�C, DATA: Q4 
2804 002N 004E Z OPR XTL H 3 8+100 
Ch.21 = 0.125 Ch.22 = 0.089 Ch.23 = 25.5 Ch.24 
RMS LOG ERROR: 1.66E-02. ANTILOG YIELDS 3.8961 % 
LATE TIME PARAMETERS 
, 
* Blackhawk Geosciences. Incorporated * 
PARAMETER RESOLUTION MATRIX: 
"F" MEANS FIXED PARAMETER· 
p 1 o.oo 
p 2 o.oo 0.99 
T 1 0.01 0.00 1.00 
P 1· P 2  T 1  
- -· - - - - -: -: - - - - - - · - - - - -
' 10 5 � 
� i ' :::£: ' I 4 ::iE a 10 , 
>-
1-:--
H 
> 
�' 1000 ' 
trl 
H 
C1) 
w 
a: 
1-:-- I z 
w 1001 a: <t 0.. 0.. 
<t 
10 I 
-5 
10 
Q5 
I I I 
� 
-'I 
-4 
10 0.001 0.01 
TIME (SEC) 
MODEL: 
1..::,7176. I 
Ql 
+J OHM-.M 329. M 
co 
�t1.9 HQHM-M 432. M 
- ·I Cl) Ql u -�-- .. 
c 
Ql "8 8. 16 
Cl) OHM-'M 0 
I� 
l� u
co 
........ 
len % ERROH: 7.91 
CALIBRATION: 1 
0 . 1 OFFSET: 152. 'M . RAMP: 180.0 
Q5 
MODEL: 3 LAYERS 
RESISTIVITY THICKNESS ELEVATION CONDUCTANCE <S> 
<OHM.,..M) (M) ( M) . <FEET) LAYER TOTAL 
371.9 1220.0 
7176.12 328.5 43.3 142.1 o.o o.o 
51.92 431.7 .,.388.3 -,.1274.1 8.� 8.4 
8.16 
TIMES DATA CALC % ERROR STD ERR 
1 8.90E-05 4.94E+03 4.58E+03 7.840 
2 1. 1 OE-04 4.08E+03 3.50E+03 16.535 
3 1.40E-04 2.62E+03 2.60E+03 0.723 
4 1.77E...,04 1.88E+03 1.97E+03 -4.768 
5 2.20E-04 1.44E+03 1.54E+03 -6.389 
6 2.80E-04 1.10E+03 1. 18E+03 -6.563 
7 3.5SE-04 8.68E+02 9.21E+02 -5.742 
8 4.43E-04 7.08E+02 7.39£+02 ..,..4. 184 
9 5.64E-o4 5.82E+02 5.90E+02 -1.392 
10 7.13E-04 4.82E+02 4.80E+02 0.42.5 
1 1 8.81E-04 4.00E+02 4.04E+02 -0.957 
12 1.10E-03 3.44E+02 3.45E+02 -0.122 
13 1.41E-03 2.97E+02 2.92E+02 1.733 
14 1.80E-03 2 .64E+02 2.57E+02 ' 2. 647 
15 2.22E-03 2.40E+02 2.33E+02 3.326 
16 2.80E-03 2.15E+02 .2.09E+02 2.852 
17 3.55E-03 1.84E+02 1. 91E+02 -3.697 
18 4.43£-03 1.67E+02 1.72E+02 -2.973 
19 5.64£-03 1.50E+02 1. 50E+02 . 0.162 
20 7 .13E-03 1.35E+02 1.29E+02 3.947 
21 8.81E-03 1.06E+02 1.11E+02 -4.418 
22 1. 10E�02 9.80E+01 9.39E+01 4.315 
R: 152. X: 0. Y: 152. DL: 305. REQ: 169. CF: 1.0000 
CLHZ ARRAY. 22 DATA POINTS. RAMP: 180.0 MICROSEC. DATA: Q5 
2904 002N 005E Z OPR XTL H 6 8+100 
Ch.21 = 0.18 Ch.22 � 0.089 . Ch.23 = 17 Ch.24 = 9 
RMS LOG ERROR: 3�31E-02. ANTILOG Yl�LOS 7.9087 % 
LATE TIME PARAMETERS 
* Blackhawk Geosciences. I�corporated * 
PARAMETER RESOLUTION MATRIX: 
"F" MEANS FIXED PARAMETER 
p 1 0.92 
p 2 -0.01 1.00 
P 3. --o. o 1 -o. o 1 
T 1 o.oo o.oo 
. T 2 -0.01 o.oo 
p l p 2 
0.96 
o.oo 1 ;00 
o.oo o.oo 
p 3 T 1 
1. 00 
T 2 
- '-
· 
·- - · ·- - · - - · - ·- - - ·- - - - - - ·-
Q6 
10 5 �·
· I I I 
- i � �. 10 -4 
a 
>-
r-
H 
> ·� 1000 
.(f) 
H 
en 
LLJ 
a: 
r- I z 
w 1001 a: 
<( 
(1_ 
0.. 
<( 
10 I 
- �-�--- -�-------
-- �- -- ---- ------
-5 -4 10 10 0.001 0 .·01 
TIME (SEC) 
MODEL: 
In 2905. 
Q) .. +JOHM-M 
ro 
l ! -- ---. �429. 
HOHM-M 
-
. U)  
Q) 
u 
c 
OJ 
' . ...... 
u 
' U)  
.
o I� 
l� · ro  .c � 
(.) 
ro 
r-t 
I 
277. M 
I 
__ len% ERROR: 8. 96 
CALIBRATION: 1 
0 . 1 OFFSET: 229 . . M RAMP: 200.0 
Q6 
MODEL: 2 LAYERS 
RESISTIVITY THICKNESS ELEVATION CONDUCTANCE <S) 
<OHM-M) (M) (M) <FEET) L.AYER TOTAL 
585.2 1920.0 
2904.58 276.6 308.6 1012.5 0. 1 0. 1 
428.54 
TIMES DATA CALC % ERROR STD ERR 
1 8.90E-05 4.87E+03 4.23E+03 15. 127 
2 1.10E-04 3.70E+03 3.47E+03 6.374 
3 1.40E-04 2.84E+03 2.81E+03 0.999 
4 1.77E-04 2.26E+03 2.32E+03 -2.401 
5 2.20E-04 1.88E+03 l.96E+03 -4.468 
6 2.80E-04 1.57E+03 1.66E+03 -5.467 
7 3.55E-"-04 1.34E+03 1.42E+03 �5.757 
a· 4.43E-04 1 .18E+03 l•25E+03 -5.256 
9 5.64E-04 l.05E+03 1 .10E+03 -4. 194 
10 7 .13E:-04 9.57E+02 9.85E+02 -2.760 
1 1 8.81E-04 .8.56E+02 9.00E+02 ;....4.928 
12 l.lOE-03 7.89E+02 8.28E+02 :-4.642 
13 1.4JE,..03 7.55E+02 7.61E+02 -0.741 
14 1.77E:-03 7.41E+02 7. 12E+02 4.112 
15 2.22E-03 7.06E+02 6.70E+02 5.350 
16 2.80E-03 6.83E+02 6.36E+02 7.400 
17 3.60E-03 6.37E+02 6.05E+02 5.296 
R: 229. X : 0. Y: 229. DL : 457. REQ: 254. CF : 1 . 0000 
CLHZ ARRAY. 17 DATA POINTS, RAMP: 200.0 MICROSEC. DATA: Q6 
3004 002N 006E Z O PR XTL L 6 10+100 
Ch.21 = 0.2 Ch.22 � 0.89 Ch.23 � 13.5 Ch.24 = 2 
RMS LOG ERROR: 3.73E-02, ANTILOG YIELDS 8.9587 % 
LATE TIME PARAMETERS 
* Blackhawk Geosciences, Incorporated * 
CURRENT RESOLUTION MATRICES NOT AVAILABLE 
- :-: ,_ , ____ ._ , _______ , ___ _ 
10 5 ' .� 
. I 4 
�· 1 �.10 : 
>:-
t--H. 
> H 1.000 t-- .. 
U) 
H 
U) 
LLJ 
a: 
t--
z I 
LlJ 1001 a: 
<( 
0... 
0.. 
<( 
10 J 
-5 
10 
S1 
I I I 
-4 
10 0.001 0.01 
TIME (SEC) 
MODEL: 
I "C a3a. Ql +J OHM-M 1'0 
1:.. 1t86 . H OHM-M 
-
U) 
Ql 
u-
c 
Ql ·G 9:36. 
UlQHM-M 0 . 
I� 
l� u 
co r-t 
I 
325. M 
271. M 
I 
leo %ERROR: 2.14 
CALIBRATION: 1 
0 . 1 OFFSET: . 152. M 
RAMP: 235.0 
Sl 
MODEL: 3 LAYERS 
RESISTIVITY THICKNESS ELEVATION CONDUCTANCE < S) 
<OHM-M) (M) ( M) . ·<FEET) LAYER TOTAL 
560.8 1840.0 
837.85 325. 1 235.7 773.4 ·o.4 0.4 
185.82 270.9 -35.2 -115.4 1.5 1 � 8 
935.78 
TIMES DATA CALC % ERROR STD ERR 
1 8.90E-05 2.43E+03 2.48E+03 ---1.891 
2 1. 10E-04 2 .16E+03 2. 13E+03 1. 033 
3 1.40E - 04 1.84E+03 1.79E+03 2.908 
4 1.77E-04 l.SOE+03 l.SOE+03 0.004 
5 2.20E-04 1.2SE+03 1.26E+03 -1.259 
6 2.80E -04 1.03E+03 l.OSE+03 -1.807 
7 3.55E-04 8.70E+02 8. 78E+02 -0.983 
8 4.43E-04 7.57E+02 7.54E+02 0.417 
9 S.64E-04 6.63E+02 6.51E+02 1. 924 
10 7.13E-04 5.87E+02 5.76E+o2 1. 891 
11 8.81E-04 5.23E+02 5.27E+02 -0.732 
12 1.10E-03 4.84E+02 4.90E+02 -1.225 
13 1.41E.,..03 4 • 57E+02 4 .61E.+02 -0.850 
14 1.80E-03 4.45E+02 4.46E+02 -0.273 
15 2.22E-03 4.44E+02 4 . 40E+02 0.918 
R: 152. X: 0. Y: 152. DL: 305. REQ: 169. CF: 1 • 0000 
CLHZ ARRAY. 15 DATA POINTS. RAMP: 235.0 MICROSEC. DATA: Sl 
0205 003N COlE Z OPR XTL H 6 8+106 
Ch.21 = 0.235 Ch.22 = 0.089 Ch.23 = 15 Ch.24 = 
RMS LOG ERROR: 9.19E-03, ANTILOG YIELDS 2.1381 % 
LATE TIME PARAMETERS 
* Blackhawk Geosciences, Incorporated * 
PARAMETER RESOLUTION MATRIX: 
"F" MEANS FIXED PARAMETER 
p 1 1. 00 . p 2 o.oo 0�99 
p 3 o.oo -0.03 0.80 
T 1 o.oo o.oo o.o1 1.00 
T 2 o.oo -0.02 -0.07 0.01 0.97 
p 1 p 2 p 3 T 1 r 2 
- - - - - - - - - - - ·- -: - - ·- - -· ·-
10 5 � 
- i ::E . I 4 . ::E . I f0 0 
>-
t- . t-1 
> .  
� 1000. 
en 
H 
· 
Ul 
LLJ 
a: 
t-
z 
w 
.
1001 a: 
<t: 
. a.. 
a.. 
<t: 
10 I 
-5 
10 
S2 
I· I 
-4 
10 0.001 
TIME (SEC) 
MODEL: 
I I "0443. I 
QJ +JOHM-M 267. M 
co 
�!- I 
� 10.7 
t-tOHM:-M 
-
en 
QJ 
u 
c 
QJ 
·r-1 
u 
en 
0 
QJ 
(.!) 
l1 u 
co 
r-1 
I CD% ERROR: 5 . 90 
CALIBRATION: 1 0.01 0 . 1 OFFSET: 152. M RAMP: 180.0 
MODEL: 2 LAYERS 
RESISTIVITY THICKNESS 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
<OHM-M) CM) 
442.60 
10.71 
TIMES 
1 .10E--04 
1.40E-04 
1.77E-04 
2.20E-04 
2.80E-04 
3.55E---04 
4.43E-04 
5.64E-04 
7 .13E-04 
8.81E-04 
1. 10E-03 
t.41E-03 
1.80E-03 
2.22E-03 
2.85E-03 
3.55E .... 03 
4.43E-03 
5.64E-o3 
7 .13E-03 
8.81E-03 
1 .1 OE-02 
1.41E-02 
266.7 
DATA 
1.44E+03 
1. 16E+03 
9.61E+02 
8.07E+02 
6.62E+02 
5.36E+02 
4.38E+02 
.3. 48E+02 
2.71E+02 
2·16E+02 
1.72E+02 
1. 36E+02 
1.08E+02 
9.11E+01 
7.43E+01 
6.06E+Ol 
5.27E+01 
4.64E+01 
4.03E+01 
3. 82E+Ol 
3.39E+01 
3.09E+Ol 
S2 
ELEVATION 
<M> <�EET> 
396.2 1300.0 
129.5 424.9 
CALC 
1 .. 35[+03 
1. 19E+03 
1.02E+03 
8.48E+02 
6.75E+02 
5.30E+02 
4.21E+02 
3.28E+02 
2.59E+02 
2·10E+02 
1. 71E+02 
1.36E+02 
1 .10E+02 
9.23E+01 
7.61E+01 
6.47E+01 
5.56E+01 
4.76E+01 
4. 14E+Ol 
3.69E+01 
3.30E+01 
2.93E+01 
% ERROR 
6.328 
-2.270 
-5.361 
-4.833 
-1.938 
1. 001 
3.873 
5.875 
4.699 
2.467 
0.572 
-0. 114 
-1.606 
-1.244 
-2.301 
-6.347 
-5.211 
-2.633 
..,.2.763 
3.566 
2.935 
5.393 
CONDUCTANCE CS) 
LAYER TOTAL 
0.6 0.6 
STD ERR 
R: 152. X: 0. Y: 152. DL: 305. REG: 169. CF: 1 . 0000 
CLHZ ARRAY, 22 DATA POINTS. RAMP: 180.0 MICROSEC • .  DATA: S2 
0305 003N 002E Z OPR XTL H 6 8+100 
Ch.21 = 0.18 Ch.22 = 0.089 Ch.23 = 17 Ch.24 = 9 
RMS LOG ERROR: 2.49E-02, ANTILOG YIELDS 5.9015 % 
LATE TIME PARAMETERS 
* Blackhawk Geosciences, Incorporated * 
PARAMETER RESO�UT!ON MATRIX: 
"F" MEANS FIXED PARAMETER 
p 1 1 .oo 
p 2 o.oo 1.00 
T 1 o.oo o.oo 1. 00 
p 1 p 2 T 1 
- - - - · -· - - - - · - - - ·- - - · - - -· -
2: 
5 
10 
:± 4 
� 10 
>-
1-
H 
> 
� 1000 
(]) 
H 
(]) 
. w  
CI 
�--
-:-""? 
-'--
LU 
a: 
<( 
CL. 
CL. 
<( 
1 QQ-1� 
10 
-5 
10 
LH1 
-·r--rrrn � I I II IIIIJ 
-4 
10 0.001 
TIME (SEC) 
0.01 
MODEL: 
D 165. 
�OHM-M 
co 
'-
0 
I 
93.1 M 
a----------�---
"-
0 
g4 .27 
HOHM-M -
LH1 
MODEL: 2 LAYERS 
RESiSTIVITY THICKNESS ELEVATION CONDUCTANCE <S) 
<OHM"""M) CM) (M) <FEET) LAYER TOTAL 
76.2 250.0 
164.91 93. 1 -16.·9 -55.5 0.6 0.6 
4.27 
TIMES DATA CALC % ERROR STD ERR 
1 8.90E--05 2.41E+02 2.38E+02 1. 213 
2 1.10E-04 1. 92E+02 1.93E+02 -0.936 
3 1.40E-04 1.51E+02 1.52E+02 -0.816 
4 1.77E-04 1. 19E+02 1.20E+02 -1.002 
5 2.20E-04 9.65t:+01 9.68E+01 -0.350 
6 2.80E-04 7.65E+01 7.69E+01 -0.477 
7 3.55E-04 6. 19E+01 6.17E+Ol 0.261 
8 4.43E-04 5. 13E+Ql 5.07E+01 1. 060 
9 5.64E-04 4.1.8E+01 4. 14E+01 1.027 
10 7 .13E-04 3.48E+01 3.43E+01 1.405 
11 8.81E-04 2.91E+01 2.92E+01 -0.372 
12 1. 10E-03 2.49E+01 2.50E+01 -0.353 
.13 1.41E-03 2. llE+Ol 2.11E+01 0.093 
14 1.77E-03 1.80E+01 1.83E+01 -1.762 
15 2.20E-03 1•62E+01 1.61E+01 0.315 
16 2.80E-03 1.46E+Ol 1.42E+Ol 2.902 
17 3.55E-03 1.26E+Ol 1.26E+01 -0.087 
18 4.43E-03 1.14E+01 1 .14E+01 0.061 
19 5.64E-03 l.01E+Ol 1.03E+01 --2.097 
R: 38. X : 0. Y: 38 . DL: 76 . REQ: 42. CF: 1 . 0000 
CLHZ ARRAY. 19 DATA POINTS, RAMP: 50.0 MICROSEC, DATA: LH1 
1109 003N 001E 2 OPR XTL H 5 8+100 
Ch.21 = 0.05 Ch.22 = 0.089 Ch.23 : 12.5 Ch.24 = 
RMS LOG ERROR: 7.44E-03, ANTILOG YIELDS 1.7272% 
LATE TIME PARAMETERS 
* Blackhawk Geosciences, Incorporated * 
PARAMETE.R RESOLUTION MATRIX: 
"F" MEANS FI xt:o PARAMETER 
p 1 0.99 
p 2 o.oo 1· 00 
T 1 o.oo o.oo 1 .oo 
p 1 p 2 T 1 
- �-· ·- - : ·- - - ·- ·-· - - - - -· -i ;- -· ·- -
LH2 MODEL: 
10 5 . � I I I I -o593. l 
Q.) +JOHM-M 103. M 
co 
- i � 15.34 :L I 4 ' � 10 . 
>- HOHM-M 
r-
I-f -
> U) Q.) 
� 1000 u c (f) Q.) H •rl 
(f) u w U) cr: 1: 0 
r- I I� z 
U:J 1001 � l! cr: <::( 0... 0... <::( u 
co 
r-t 
10 I � - I CD % ERROR: 3 . 12 
-4 CALIBRATION: 1 
10 0.001 0.01 0.1 1 OFFSET: 38.1 M RAMP: 90.0 
TIME (SEC) 
LH2 
MODEL: 2 LAYERS 
RESISTIVITY THICKNESS ELEVATION CONDUCTANCE <S) 
<OHM-M ) <M) ( M )  <FEET) LAYER TOTAL 
97.5 320.0 
593.39 102.7 -5.1 -16.8 0.2 0.2 
5.34 
TIMES DATA CALC % ERROR STD ERR 
1 2•80E-04 1.07E+02 1.04E+02 3.679 
2 3.55E-04 8.36E+01 8. 21 E+Ol · 1 .809 
3 4.43E-04 6.81E+Ol 6.68E+Ol 1 .976 
4 s.64E-04 5.41E+Ol S.39E+Ol 0.309 
5 7. 13E-04 4.41E+01 4.44E+Ol -0.519 
6 8.81E-04 3.66E+01 3.76E+01 ,.-2,579 
7 1.10E-03 3 .10E+01 3.20E+01 -3. 121 
8 1.41E-03 2.62E+01 2.69E+01 -2.705 
9 1.80E-03 2.25E+01 2.31�+01 .,.2.424 
10 2.22E-03 2.02E+01 2·03E+01 -0.563 
11 2.80E-03 1.80E+01 1.79E+01 0.263 
12 3.SSE-03 1 .58E+O 1 1.59E+01 ..,.0.898 
13 4.43E-03 1.43E+01 1.44E+01 -0.892 
14 5.64E-03 l.30E+01 t.30E+01 0.290 
15 7 .13E..,.03 1.19E+Ol t.19E+01 0.069 
16 8.81E-03 1.13E+01 1 . 11 E +0 1 1. 772 
17 1. 10E-02 1.07E+01 t.03E+01 4.007 
R: 38. X: o. Y: 38. DL: 76. REQ: 42. CF: 1.0000 
CLHZ ARRAY, 17 DATA POINTS, RAMP: 90.0 MICROSEC, DATA: LH2 
1109 003N 002E Z OPR XTL H 4 8+100 
Ch . 21 = 0.09 Ch.22 = 0.089 Ch.23 = 23.5 Ch.24 = 
RMS LOG ERROR: . 1.34E-02, ANTILOG YIELDS 3.1239 % 
LATE TIME PARAMETERS 
* Blackhawk Geosciences, Incorporated * 
PARAMETER RESOLUTION MATRIX: 
"F" MEANS FIXED PARAMETER 
p 1 o.o1 
p 2 -0.01 0.99 
T 1 o.o1 o.oo 1. 00 
p 1 p 2 T 1 
- - - :- - - - - - - - -· - - - -· - - -
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CALIBRATION: 1 
1 OFFSET: 76.2 M RAMP: 110.0 
"--
LH3 
MODEL: 2 LAYERS 
RESISTIVITY THICKNESS ELEVATION CONDUCTANCE <S) 
<OHM-M) (M) (M) <FEET) LAYER TOTAL 
175.3 575.0 
2152.64 189. 1 -13.8 --'45.3 0. 1 0.1 
6.82 
TIMES DATA CALC % ERROR STD ERR 
1 l.40E-04 8.55E+02 8.38E+02 2.002 
2 1.77E-04 6.24E+02 6. 28E+02" -0.647 
3 2.20E-04 4.79E+02 4.83E+02 -0.988 
4 2.80E-04 3.62E+02 3.95E+02 -0.825 
5 3.55E-04 2.78E+02 2.79E+02 -'0.313 
6 4.43E-04 2.20E+02 2. 19E+02 0.349 
7 5.64E-04 1.69E+02 1.70E+02 -0.291 
8 7 .13E-04 1. 35E+02 1•34E+02 0.652 
9 8.81E-04 1.09E+02 1. 09E+02 -0.139 
10 1. 1 OE --03 8.96E+Ol 8.91E+01 0.484 
1 1 1.40E-03 7.03E+01 7 .18E+01 -2. 151 
12 .1.77E-03 5.88E+01 5.91E+01 -0.512 
13 2.20E.,.03 5.02E+01 4.98E+01 0.874 
14 2.80E-03 4.30!;+01 4.17E+Ol 3.168 
15 3.55E-03 3.59E+Ol 3.54E+01 1. 359 
16 4.43E-03 3.05E+01 3.07E+01 -0.626 
17 5.64E-03 2.60E:+01 2.66E+01 -2. 184 
R: 76. X: O. Y: 76. DL: 152. REG: 84. CF: 1.0000 
CLHZ ARRAY, 17 DATA POINTS, RAMP: 110.0 MICROSEC, DATA: LH3 
1109 003N 003E Z OPR XTL H 4 8+100 
Ch.21 = 0.11 Ch.22 = 0.089 Ch.23 = 19 Ch.24 = 2 
RMS LOG ERROR: 8.59E-03, ANTILOG YIELDS 1.9981 % 
LATE TIME PARAMETERS 
* Blackhawk Geosciences, Incorporated * 
PARAMETER RESOLUTION MATRIX: 
"F" MEANS FIXED PARAMETER 
p 1 0.31 
p 2 -0.02 1.00 
T 1 0.01 0.00 1.00 
P 1 P 2 T 1 
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1 OFFSET: 114. M RAMP: 140.0 
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LH4 
MODEL: 2 LAYERS 
RESISTIVITY THI CKNESS ELEVATION CONDUCTANCE (S) 
(.OHM-M) (M) (M) <FEET) LAYER TOTAL 
263.7 865.0 
2601.73 282.5 -18.8 -61 .8 0. 1 0. 1 
2.94 
TIMES DATA CALC % E R RO R  STD ERR 
1 1.10E-04 3.67E+03 3.65E+03 0.682 
2 1.40E--04 2.74E+03 2.64E+03 3.901 
3 1.77E-04 2.00E+03 1.93E+03 3.535 
4 2.20E-04 1.68E+03 1. 45E+03 16.050 
5 2.80E-04 1. 05E+03 1.06E+03 -1.513 
6 3.55E-04 7.70E+02 7.86E+02 -2.040 
7 4.43E-04 s.86E+02 5.96E+02 -1.715 
8 S.64E-04 4.42E+02 4.43E+02 -0.336 
9 7 .13E,.,..04 3.34E+02 3.341;+02 -'-0.247 
10 8·90E-04 2.43E+02 2.58E+02 -5.600 
1 1 1.10E-03 1.88E+02 2.02E+02 -6.951 
12 1.40E.,.03 r.44E+02 1. 54E+02 -6. 101 
13 1.77E-'03 1. 13E+02 1. 19E+02 -5.343 
14 2.20E-03 9.01E+01 9.43E+01 -4.548 
15 2.80E-03 7.26E+01 7.36E+01 -1.325 
16 3.SSE-03 5.77E+01 5. 82E+01 -0.827 
17 4.43E-03 S . 01E+01 4.71E+01 6.302 
18 5.64E-03 4. 15E+01 3.78E+01 9.718 
R: 114. X : 0. Y: 114. · DL: 229. REQ: 127. CF: 1 . 0000 
CLHZ ARRAY, 18 DATA POINTS, RAMP: 140.0 MI C ROSE C, DATA: LH4 
1209 003N 004E Z OP R XTL L 6 10+100 
Ch.21 = 0.14 Ch.22 = 0.89 Ch.23 = 19 Ch.24 = 52 
RMS LOG E R RO R: 3.64E-02, ANTILOG YIELDS 8.7336 % 
LATE TIM� PA RAMETERS 
* 
Blackhawk Geosciences, Incorporated * 
PARAMETER RESOLUTION MATRIX: 
"F" MEANS FIXED PARAMETE R · 
p 1 o.os 
p 2 -0.09 0.84 
T 1 0.00 -0.01 1.00 
P 1 P 2  T 1 
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CALIBRATION: 1 
0.01 0 . 1 0 FF SET: 114 . M RAMP: 155.0 
LH5R 
MODEL: 2 LAYERS 
RESISTIVITY THICKNESS ELEVATION CONDUCTANCE <S) 
<OHM--M) (M) (M) <FEET) LAYER TOTAL 
326.1 1070.0 
929.34 292.3 33.8 110.9 0.3 0.3 
1.2.56 
TIMES DATA CALC % ERROR STD ERR 
1 8.9oE�o5 · 2.77E+03 2.80E+03 -0.753 
2 1 .1 OE-04 2.28E+03 2.33E+03 -2.516 
3 1.40E-04 1.85E+03 1.84E+03 0.974 
4 1.77E-04 1.48E+03 1.42E+03 4.292 
5 2.20E--04 1. 16E+03 1.11E+03 4.901 
6 2.80E-04 8.78E+02 8.45E+02 3.993 
7 3.55E-04 6.69E+02 6.47E+02 3.308 
8 4.43E-04 5.08E+02 5.o8E+02 -0.054 
9 5.64E-04 3.81E+02 3.93E+02 -2.866 
10 7.13E-04 2.93E+02 3.08E+02 -4.854 
1 1 8.81E-04 2.35E+02 2.50E+02 -6.074 
12 1.10E-03 1. 91E+02 2.03E+02 -5.509 
13 1.41E-03 1 .SSE+02 1.61E+02 -3.734 
14 1.80E""03 1 .28E+02 1.30E+02 -1.815 
15 2.22E-03 1. 12E+02 1.09E+02 2.409 
16 2.80E-03 9.62E+01 9. 12E+01 5.497 
17 3.55E-03 7.99E+01 7.67E+Ol 4.214 
R: 114. X: o. Y: 114. DL: 229. REQ: 127. CF: 1.0000 
CLHZ ARRAY, 17 DATA POINTS, RAMP: 155�0 MICROSEC, DATA: LH5R 
1209 003N 005E Z OPR XTL H 5 8+100 
Ch.21 = 0.155 Ch.22 = 0.089 Ch . 23 = 19 Ch.24 = 
RMS LOG ERROR: 2.49E-02, ANTILOG YIELDS 5.8994 % 
LAT� TIME PARAMETERS 
* Blackhawk Geosciences, Incorporated * 
PARAMETER RESOLUTION MATRIX: 
"F" MEANS FIXED PARAMETER 
p 1 0·95 
p 2 -0.03 0.93 
T 1 o.oo o.oo 1.00 
p 1. p 2 T 1 
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CALIBRATION: 1 
1 OFFSET: 229. M 
RAMP: 210.0 
MODEL: 2 LAYERS 
RESISTIVITY THICKNESS 
<OHM-.M) (M) 
1341.87 
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TIMES 
1 .10E-04 
1.40E-04 
1.77E-04 
2.20E-04 
2.80E-04 
3.55E-04 
4.43E-04 
5.64E-04 
7 .13E-04 
8.81E-04 
1.10E-03 
1.41E-03 
1.80E-03 
2.22E--03 
2.85E-03 
3.60E-03 
4.49E-03 
5.70E-03 
7 .19E-03 
384.7 
DATA 
3.05E+03 
2.79E+03 
2.30E+03 
1. 95E+03 
1. 62E+03 
1.39E+03 
1.211::+03 
1.04E+03 · 
9.33E+02 
8. 15E+02 
7.44E+02 
6.76E+02 
6.27E+02 
5.92fi+02 
5.50E+02 
5.29E+02 
4.97E+02 
4.64E+02 
4.40E+02 
LH6R 
ELEVATION 
(M) <FEET) 
524.3 1720.0 
139.5 457.7 
CALC 
3 .19E+03 
2.67E+03 
2.2SE+03 
1.92E+03 
1.62E+03 
1�39E+03 
1.21E+03 
1.058:+03 
9.27E+02 
8.36E+02 
7.58E+02 
6.85E+02 
6.28E+02 
5.86E+02 
5.46E+02 
5. 14E+02 
4.89E+02 
4.66E+02 
4.47E+02 
% ERROR 
-4.334 
4.286 
2.029 
1.140 
""'0.303 
·. -0. 113 
-0.216 
-0.893 
0.687 
-2.510 
..-1. 965 
-1.276 
-0.235 
0.939 
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2.808 
1. 612 
:_0. 411 
-1.473 
CONDUCTANCE <S) 
LAYER TOTAL 
0.3 0.3 
STO ERR 
R: 229. X: O. Y: 229� DL: 457. REQ: 254. CF: 1�0000 
CLHZ ARRAY , 19 DATA POINTS, RAMP: 210.0 MICROSEC, DATA: LH6R 
1309 003N 006E Z OPR XTL H 5 8+100 
Ch.21 = 0.21 Ch.22 = 0.089 Ch.23 = 14 Ch.24 = 2 
RMS LOG ERROR: 1.25E-02, ANTILOG YIELDS 
. 
2.9255% 
LATE TIME PARAMETERS 
* Blackhawk Geosciences, Incorporated * 
PARAMETER RESOLUTION MATRIX: 
"F" MEANS FIXED PARAMETER 
p 1 1 .oo 
p 2 o.oo 1. 00 
T 1 o.oo o.oo 1. 00 
p 1 p 2 T 1 
